INTRODUCTION
Hyperiid amphipods are planktonic crustaceans represented by > 250 species in the world ocean. Attempts have been made to relate the occurrence of hyperiid species with water masses or oceanographic conditions (Bary 1959a ,b, Kane 1962 , Shulenberger 1977 , Siegel-Causey 1982 , Gasca 2004 , Lavaniegos & Hereu 2009 ). Lavaniegos & Ohman (1999) provided data suggesting that hyperiids are sensitive to largescale climate changes. There are still large neritic and oceanic areas in which basic aspects of this group have not been surveyed; this is true for part of the North and Central Pacific (Vinogradov 1999) . Information about the hyperiids from the Eastern Pacific region has been mainly taxonomic (Brusca & Hendrickx 2005 , Gasca 2009a , Gasca et al. 2010 , and none of the ecological contributions (Brusca 1967 , Gasca & Haddock 2004 , Lavaniegos & Hereu 2009 ) have been related to EN conditions. It has been documented that EN has important effects on the zooplankton communities of the Pacific Ocean (Fiedler 2002 , Badán-Dangón 2003 . The influence of EN 1997−98 on the marine biota has been studied in different sectors of the California Current (CC), such as off California (Marinovic et al. ABSTRACT: To evaluate the hyperiid community's response to the influence of oceanographic conditions related to 'El Niño' (EN) in the Mexican Tropical Pacific area, zooplankton samples collected over 27 mo between December 1995 and December 1998 were analyzed. The most abundant of the 80 species recorded were Hyperioides sibaginis and Lestrigonus bengalensis. Two different climatic yearly periods were revealed, including one from February to June, related to the strongest flow of the California Current (CC), with cooler (< 25°C) and saltier (> 34.5 psu) waters. In this period, hyperiids were more species-rich and diverse, with greater evenness, but had lower abundances. From July to December, the North Equatorial Countercurrent (NECC) was predominant, with warmer waters (> 25°C) and lower salinity (< 34.5 psu). H. sibaginis and L. benga lensis were dominant, particularly in the aftermath of EN (after June 1998). The influence of the Equatorial water during EN favored a greater abundance of warm-water hyperiid families and a greater evenness, particularly during 1998. During EN, higher hyperiid abundance and diversity but also a 30% increase of species richness and a greater abundance of the dominant species were observed. After the end of EN and for the rest of the sampling period, the oceanographic conditions returned to normality in the area, but the hyperiid community still showed relatively low diversity and high abundance values.
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2002, Peterson & Keister 2002) and Baja California (Lavaniegos et al. 2002 , 2003 , Palomares-García et al. 2003 , Hereu et al. 2006 ), but its influence on the hyperiid community of the Eastern Tropical Pacific remains unstudied.
We analyze the inter-annual variability of the hyperiid community of the Mexican Pacific central coast based on zooplankton samples collected during 27 mo between December 1995 and December 1998, a period including the influence of EN 1997−98.
The study area is located off the central Mexican coast in the Eastern Tropical Pacific (ETP) region (Fig. 1) . It is part of the Central American Coastal Province (Longhurst 2006) and bounded by the north and south equatorial fronts. The continental shelf along this coast is relatively narrow (7 to 10 km) (Filonov & Tereshchenko 2000) .
The latitudinal position of the transition zone, where the CC joins the North Equatorial Countercurrent (NECC) off the surveyed area, varies depending on the strength of winds and currents (Kessler 2006) . In winter, when the CC is more intense, the transitional area is located farther south, whereas in the summer, when the NECC is more intense, the transition zone moves to the north. Hence, 2 distinct clima tic periods (CPs) can be defined, one influenced by cooler waters of the CC and the second influenced by the NECC. In winter and spring (February to June), the local conditions are characterized by the absence of the NECC and the influence of the CC. The water is relatively cooler (> 25°C) and with low salinity (34.5 psu); it has a south-southeast flow far from the coast north of 23° N (Aguirre- Gómez et al. 2003) . The direct influence of the CC in the surveyed area has not been proven, but the regional oceanographic dynamics are characterized by the CC-NECC system, so we used this regional frame as our main reference (Kessler 2006 , Trasviña & Barton 2008 .
Typical ETP surface waters (50−75 m) show 2 seasonal conditions: from June to December, Pacific Tropical Surface Water (PTSW) occurs with salinities < 34 psu and temperatures >25°C, whereas Pacific Equatorial Surface Water (PESW) with salinities > 34 psu and temperatures < 25°C occurs from January to May and June. Under this layer (75−200 m) lies the Pacific Equatorial Water (PEW) (Trasviña et al. 1999 , Filonov & Tereshchenko 2010 (Fig. 2) .
In September, large volumes of equatorial water affected the zone, and by December 1997, they comprised the upper 70 m. The maximum intensity of EN occurred in January 1998 when equatorial waters occupied the upper 80 m layer (27.5°C, 34 psu). By May 1998, the hydrographic structure began to return to the conditions that existed in 1996 (Fig. 2 ) (Trasviña et al. 1999 , Filonov & Tereshchenko 2010 .
MATERIALS AND METHODS
The hydrographic data used in this work, including local profiles of temperature and salinity during the study period, were described and analyzed by Filonov & Tereshchenko (2000 . The 269 zooplankton samples analyzed were obtained at 12 sites sampled monthly between December 1995 and Decem ber 1998 (27 mo). The sampling transects are located on the continental shelf and separated from the coastline by a distance of 3 km (inshore transect) and 4.5 km (offshore transect) (Fig. 1) .
The sampling was performed on board the R/V 'BIP-V', following Smith & Richardson (1977) ; all samples were obtained at nighttime using oblique and semicircular trawls at depths between 30 and 115 m to the surface, depending on the bottom depth. A bongo net (0.6 m mouth diameter, 0.505 mm mesh opening, with a digital flowmeter) was used to obtain the zooplankton samples, which were fixed and preserved with 4% formalde- hyde buffered with sodium borate. Hyperiid amphipods were sorted from the original samples and transferred to a solution of distilled water (95%) with propylene glycol (4.5%) and propylene phenoxetol (0.5%) for long-term storage. Hyperiids were identified following Vinogradov et al. (1996) , Harbison & Madin (1976 ), Shih (1991 , and Zeidler (2003 Zeidler ( , 2004a Zeidler ( ,b, 2006 . Abundance was standardized to ind. 1000 m −3
. June and December were removed from the CP analyses of both the CC (January to May) and NECC (July to November) periods. An analysis of variance (ANOVA) was performed with the total hyperiid abundance (log 10 [x + 1]) considering (1) the CP surveyed, (2) inshore and offshore stations, (3) data collection pre-EN (before July 1997), during EN (July 1997 to April 1998) and post-EN (the remaining stations), and (4) EN and non-EN conditions (EN1: July 1997 to April 1998, EN0: the remaining samples). These analyses were performed using the Brodgar multivariate analysis and multivariate time series analysis (version 2). When necessary, we conducted a post-hoc test for multiple comparisons (Tukey-Kramer method) to determine if averages were statistically different (Sokal & Rohlf 1995) .
The hyperiid diversity analysis by CP was performed in terms of species richness, evenness, and diversity (Shannon index). Rarefaction curves (Gotelli & Graves 1996) were produced for each of these parameters and were estimated using the probability of interspecific encounter (PIE) (Hurlbert 1971) . This procedure provides comparative estimates, regardless of differences in the sample sizes of the groups compared. Abundance levels for simulation were established using the sample with the lowest values of abundance to allow comparisons of sample groups. The ECOSIM program was used to calculate diversity indices (Gotelli & Entsminger 2009 ), which uses the Monte Carlo method and 1000 replicates in the simulation for each estimate. Samples are randomly selected without replacement, and this procedure is repeated 1000 times to estimate an average value and 95% confidence interval for various levels of abundance.
To determine the response of the hyperiid community associations to the intra-annual (CP) and interannual (EN) temporal and spatial (distance from shore) variation, we performed a similarity analysis (ANOSIM) to statistically evaluate the differences among the groups examined (Clarke & Warwick 2001) . A similarity percentage analysis (SIMPER) (Clarke 1993 ) allowed the detection of groups of species that typify both the similarity (within groups) and the dissimilarity (between groups). Analyses were performed using the PRIMER 6 software, using the Bray Curtis index with untransformed data (Clarke & Gorley 2006) .
A non-metric multidimensional scaling (NMDS), based on the standardized abundances of all species, and the Bray Curtis similarity index with zero adjustment ) was used to explore the hypothesis that seasonality, EN, and distance from coast shape the local hyperiid associations. We also performed a direct gradient redundancy analysis. This method is the canonical version of a principal component analysis (Leps & Smilauer 2007) and considers a log 10 transformed data matrix of the total abundance of species/samples and the multivariate El Niño index (MEI) (Wolter & Timlin 1998) . We performed a significance analysis of management models using a permutation test (Monte Carlo method) to evaluate the independence between the matrices of species abundance and environmental variables (Leps & Smilauer 2007) . The redundancy analysis was performed using CONOCO (ter Braak & Smilauer 1998).
RESULTS
Species composition
From the taxonomic analysis of the 269 hyperiid samples examined, 80 species were identified, representing 38 genera, 16 families, and 2 suborders. The list of species along with the sequence in which each of them appeared per semester is shown in Table 1 1996) , II (July to December 1996), III (January to June 1997), IV (July to December 1997), V (January to June 1998), and VI (July to December 1998); overall numerical abundance (Total ∑; total number of individuals in all samples), average abundance (ind. 1000 m −3 over all samples), frequency (F; % of samples in which species occurred), and geometric mean (GM) of species abundance in all samples A significant correlation (F = 4.117, p < 0.1) was obtained between the monthly geometric mean (GM) of hyperiid abundance and Niño Index 3.4 (SST index for the Niño 3.4 Region; Trenberth 1997). We also observed a significant relationship between the monthly GM of Hyperioides siba ginis and the same EN index (F = 2.094, p = 0.163) but not for the GM of the other most abundant species, Lestrigonus bengalensis, (F = 0.177, p = 0.6775). The monthly abundances of hyperiid species with average densities >10 ind. 1000 m −3 were plotted to observe the temporal variations (Fig. 4) .
Analysis of abundance
Analysis of diversity
Species richness
The number of species recorded ranged from 3 (March and December 1996) to 48 (January 1998). We observed fewer species in the first 2 yr of sampling (Fig. 5) . Results from the rarefaction curves revealed that the largest expected number of species corresponded to the CC periods of each year, with no differences among them. During NECC periods, the expected number of species was consistently lower than in the CC (cold) periods (Fig. 6a) .
The expected number of species was higher offshore than inshore (Fig. 6b) . It tended to be higher during EN, followed by the pre-EN and post-EN periods (Fig. 6c) ; no differences were found between EN1 and the rest of the samples (EN0) (Fig. 6d) . Up to 68 species were recorded at inshore stations vs. 77 offshore. Only Platyscelus ovoides, Oxycephalus piscator, and Cranocephalus scleroticus were not recorded at inshore stations.
Shannon diversity
The rarefaction curve analysis of diversity (Shannon) revealed that CC periods were more diverse than the NE periods; the 1997 NE CP was intermediate between the warm and cold CP (Fig. 7a) . Diversity at inshore stations was higher than offshore (Fig. 7b) ; diversity was higher during EN, followed by pre-EN and by post-EN periods, with a very low diversity (Fig. 7c) . Diversity was higher during EN1 than in the rest of the samples (EN0) (Fig. 7d) . and offshore (j) stations (Fig. 8a) . Higher values of evenness were found during the influence of EN and were similar to those of 96CC. Extreme values of this index were observed in 1996. A reverse tendency occurred in 1997: during the NE, values were higher than during the CC, and evenness was uniform between 97CC and 98NE. Dominance was lower offshore (Fig. 8b) , and greater evenness values occurred during the pre-EN than in the post-EN period (Fig. 8c) . A high evenness was found during EN1 than during EN0 (Fig. 8d) . 
Community analysis
The nMDS applied to CPs, distance to coast, and EN showed an acceptable fit (stress = 0.14) (Clarke & Gorley 2006) ; however, the large number of samples in a single graphic hampered the visual detection of spatial and temporal patterns (Fig. 9a−d) . The ar rangement of the CP (Fig. 9a) shows dispersion of the samples during the EN influence period. The CP CC group shows a greater similarity. The 98CC period reflects the full effect of EN in the area and was the most compact group. No inshore-offshore pattern was observed (Fig. 9b) , but the pre-EN, EN, and post-EN periods were well defined (Fig. 9c) .
The ANOSIM analysis showed significant differences between the CPs (R = 0.226, p < 0.001), among the pre-EN, EN, and post-EN samples (R = 0.069, p < 0.001), and also based on the distance from the coast (R = 0.03, p < 0.001). The ANOSIM between EN1 (July 1997 to March 1998) and the rest of samples did not show significant differences (R = −0.102, p = 1.00). For all paired analyses of CP, the differences were significant at p < 0.001 (except for 96CC and 96NE, for which p = 0.019, and for the pair 97CC and 96NE with p = 0.012) (Tables 3 to 6 ).
The SIMPER analysis shows that during the CC periods there are more species with low contribution than in the NE period. During the NE period, Hy perioides sibaginis and Lestrigonus bengalensis represented > 90% of the similarity within groups (Table 3) . Also, H. sibaginis and L. bengalensis dominated in all of the studied groups. Other species, such as Tetrathyrus forcipatus, Oxycephalus clausi, Parascelus edwardsi, and L. schizogeneios, contributed mainly to the communities of CC periods (Table 4) .
Fewer species contributed to the NE than to the CC community. The last 3 CPs were similar, with high abundance, although their composition differed. The main feature of CP 98NE, the most dissimilar of the CPs, is that Hyperioides sibaginis and Lestrigonus bengalensis contributed 74.5 and 23.0%, respectively, to their community, and together they dominated, forming > 97% of the assemblage during that period. L. bengalensis contributed more in this period than in the other NE periods.
Unlike other CC periods, the 98CC period had a minor relative contribution of Hyperioides sibaginis; a group of species including Brachyscelus crusculum, Tetrathyrus forcipatus, Parascelus edwardsi, Paralycaea hoylei, Phronima atlantica, and Vibilia armata During EN, P. edwardsi, L. shoemakeri, and L. schizogeneios, in addition to the 2 most abundant species, contributed > 90% to the group. The EN and post-EN groups were the least dissimilar, but the greater dominance of H. sibaginis and L. bengalensis and a higher number of species in the post-EN group were the main differences (Table 5) .
Up to 90% of the group at the inshore stations was represented by Hyperioides sibaginis, Lestrigonus bengalensis, and Tetrathyrus forcipatus; the offshore group included the first 2 species as well (Table 6 ). The dissimilarity analysis showed that the main inshore-offshore difference is that these species are less abundant off the coast.
The redundancy analysis showed 2 almost orthogonal axes representing the temporal variation de fined by the multivariable El Niño Index (MEI) and the spatial variation defined by the distance of the stations on the coast (Fig. 10) . Zooplankton biomass showed a high correlation with the axis of distance from shore. The species associated with EN (high MEI values) were Eupronoe armata, Lycaeopsis themistoides, Am phi thyrus sculpturatus, Lestrigonus shoemakeri, Phro nimella elongata, Hyperietta vosse leri, and Phronima atlantica. The species related to low MEI values were Lycaea pachypoda, Crano cephalus scleroticus, and Rhabdosoma minor. Both of the patterns of variability, the inter-annual related to the EN event and the seasonal one, were detected (Fig. 10) . The group of stations during the EN period was more compact than in the pre-EN period. The greater dispersion of stations on the vertical axis shown during CC periods suggests a warm-cold periodic variability, which was weak but detectable during 98CC (EN). The Monte Carlo method indicates a significant relationship with environmental variables (Table 6 ).
DISCUSSION
The search for understanding of the functional structure of the pelagic ecosystem is currently at the core of modern oceanography. This structure is de - Table 5 . SIMPER analysis (similarity and dissimilarity) of the hyperiid species abundances during pre-EN (before July 1997), EN (July 1997 to April 1998), and post-EN periods. Av: average abundance of group, SA: similarity average, DA: dissimilarity average, R: ANOSIM test of paired comparisons, p: associated probability, %: contribution to group termined by physical forces and the associated biological responses (Platt & Sathyendranath 1999) . Our analysis provides evidence showing that the local hyperiid community structure has distinctive features according to distinct hydrographic patterns. It also reveals that these patterns are different from those observed in surrounding areas and diverge from those known for other zooplanktonic taxa.
Species composition
Previous studies of the hyperiids of Mexico's central Pacific are scarce (Gasca & Franco-Gordo 2008) . It was expected that the monthly collection of samples for 2 yr (1996 to July 1997) would provide a complete account of species in the area. We did not expect the additional increase of species observed after July 1997 in the surveyed area. The addition of almost 30% of the previous species richness indicates that hyperiids, like other zooplankton, show a sharp increase of tropical-equatorial forms during EN, as was observed for copepods (Lavaniegos et al. 2003 , Palomares-García et al. 2003 , López-Ibarra & Palomares-García 2006 and salps (Hereu et al. 2006) . Furthermore, considering the 56 species known before the onset of EN and the 24 recorded after July 1997, the increase was 43% (Table 2 ) (Gasca 2009a , Gasca et al. 2010 .
The 84 , Vinogradov et al. 1996 , and regional lists should grow when deeper waters are sampled (Gasca 2009b) .
Abundance
A group of species including Phronima atlantica, Phronimella elongata, Phrosina semilunata, and some species of Primno was proposed by Vinogradov (1999) (Vinogradov 1991) , the Gulf of California (Siegel-Causey 1982) and the CC area off Baja California (Lavaniegos & Hereu 2009 ), suggest a different trend. In the study area and in other tropical Pacific regions, Hyperioides sibaginis and Lestrigonus bengalensis were the most abundant (Gasca & Franco-Gordo 2008 , Zeidler 1984 , Valencia & Giraldo 2009 ). In general, each area of the Eastern Pacific with different oceanographic features can be characterized by a defined group of most abundant species. The hyperiid fauna of the Mexican tropical Pacific resembles that of the Gulf of California but clearly differs from that of the CC. None of the 4 most common species in the surveyed area are among the predominant forms in the California region (Brusca 1981 , Lavaniegos & Ohman 1999 . This suggests that the presumed CC influence was not detected in the local hyperiid fauna even during the CC periods. However, the increase in the number of species in the CC periods shows the arrival of species from other subregions.
The overall average abundance of hyperiids in the study area (1070 ind. 1000 m ) (Gasca & Suá -rez-Morales 2004) .
Hyperiid abundance was relatively low during 1996, and the local community structure was characterized by the dominance of Hyperioides sibaginis and Lestrigonus bengalensis. The progressive increase in the abundance of hyperiids from the beginning to the end of the sampling period, as shown by the average of the different CP (Fig. 2a) , was unexpected. It is possible that it resulted from the addition of populations of different origins or the influence of EN. The influence of the cold (CC) and warm (NE) conditions in the area was clear, with lower abundances during the cold periods than in the warm ones, a pattern that remained even during the EN year. The only CPs in which no differences in abundance occurred were 97NE and 98CC, both during EN. Hence, the hyperiid abundance could be considered as a local indicator of EN. Furthermore, even greater abundances were recorded in the following months, suggesting that EN may trigger or favor higher reproductive rates of the dominant species for a longer period.
Quite unexpectedly, hyperiids were more abundant during the EN than during the previous years. EN has been commonly associated with a relatively low zooplankton productivity and abundance (Barber & Chavez 1983 , Roemmich & McGowan 1995 , Franco-Gordo et al. 2001a ,b, 2004 . Locally, this ef fect could be explained by an increase in the reproduction of the dominant hyperiid species and possibly by the addition of populations of different origins resulting from the local convergence of distinct water masses.
The 4 most abundant species in this study (Hyperioides sibaginis, Lestrigonus bengalensis, L. schizogeneios, and Tetrathyrus forcipatus) were the same throughout the study period. The other species showed 2 patterns: (1) occurring or being more frequent during EN (e.g. Paralycaea gracilis, Eupronoe armata, Anchylomera blossevillei, and Phronimella elongata) and (2) absent or decreasing in frequency during EN (e.g. Scina marginata, T. forcipatus, Crano cephalus scleroticus, Rhabdosoma minor, and Lycaea pachypoda); these species were also absent when warm waters prevailed in the area.
Diversity
Sequential changes in richness were evident and related to the arrival of warmer waters (PESW) resulting from the influence of EN. The number of species was significantly lower during the first half of the study than in the second (Fig. 5) . During the study period, the temporal monitoring of the species richness allowed the detection of changes that may be associated with variations of the hydrographic conditions. Unexpectedly, richness values in the CC CPs were higher than during the warm (NE) periods, but an even greater richness value was recorded in CC 1998; this could be due to the addition of the PEW fauna arriving with EN. Lavaniegos & Ohman (1999) observed a different pattern in the CC off southern California; they observed that the years with fewer species were 1995 and 1997, although in 1972 (an other EN year), they also recorded more species. The finding of greater richness during EN (vs. pre-and post-EN) and EN-related CPs indicates the strong influences of this event on the expected number of species.
Greater diversity values in CC than in NECC periods are explained by the combination of the following factors: (1) the high number of species found in CP CC, (2) their low dominance, (3) the arrival of water from the north and east adding to the local fauna, and (4) reduced dominance of the 2 most abundant species in the area. The greater diversity observed in the 97NE period resulted from a higher evenness value. The high diversity found in EN1 is related to the higher number of species found in that period. In contrast, the post-EN low diversity results from the high dominance of Hyperioides sibaginis and Lestrigonus bengalensis in that period; these species were favored by the warm conditions associated with EN.
Evenness
The mixing of water masses during the CC and EN periods was favorable for higher values of evenness and characterized the convergence of waters in the area. The arrival of warm water fauna weakened the dominance of some species, as observed in other NECC periods. That is, at the onset of EN, the NECC hyperiid community is more similar to that influenced by the CC influence (with higher diversity and lower dominance).
Analysis of the hyperiid community
The ANOSIM revealed CP-and EN-related communities and also inshore and offshore communities in an area where the continental shelf is very narrow. There is a defined community structure related to EN (EN1: July 1997 to March 1998). The SIMPER analysis allowed us to define the structure of each of the communities tested (Tables 3 to 6 ).
As found in our survey, the known biological consequences of EN in the zooplankton include changes in species composition (Gómez-Gutiérrez et al. 1995 , González et al. 2000 , Lavaniegos & Ohman 1999 . Also, biomass may increase (Brodeur & Ware 1992) , decrease (Roemmich & McGowan 1995) , or remain stable (Lavaniegos & Ohman 1999) , depending on the area and the group surveyed (Fiedler 2002) . The impoverishment of the pelagic environment as an effect of EN has also been described for zooplankton and ichthyoplankton taxa in the eastern Pacific (Chavez et al. 1999 , Franco-Gordo et al. 2004 ); however, the local hyperiid community showed a reverse pattern (e.g. higher abundances and diversity). This may be related to the biology of some of the species that use other organisms (gelatinous zooplankton) for their sustainment and thus do not depend entirely on the availability of food in the environment. Franco-Gordo et al. (2004) found local inter-annual variations of the zooplankton biomass and the ichthyoplankton related to EN (e.g. less abundance and diversity). They also detected a response of the fish larvae community to seasonal cycles related to hydrographic and climatic conditions. As reported herein, hyperiids showed a seasonal variation resulting from the influence of EN, but with an opposite pattern. Under the influence of the CC, fish larvae and biomass showed a greater abundance and a reduced diversity and evenness, whereas during EN, the abundance and diversity were lower.
During the onset of EN, the biological production and dynamics changed in coastal areas of the CC system and other areas of the Eastern Tropical Pacific (Morales-Ramírez & Brugnoli-Olivera 2001, Lavaniegos et al. 2002) . Conditions returned to normality in the aftermath. A similar response, with a delay of 1 to 2 mo, was observed in the tropical Pacific (Chavez et al. 1998 (Chavez et al. , 1999 , suggesting that the influence of EN in the regional biota is detectable at the initial but not at the final stages. This is true for the local hyperiid community, whose return to pre-EN conditions was not observed. Our results suggest that the residual effects of EN on the hyperiid community continued for several months after the oceanographic end of EN. This inertial response has not been described previously and is evidence of the wide variety of potential responses that different zooplankton taxa may present as part of this complex pelagic community. It is necessary to study the biological-physical coupling of different zooplankton groups in the area during EN to fully understand the effects of this event in the community. 
